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FURTHER STUDTES OF ANTTBACTERIAL PROFERTIES OF ACORN EXTRACTS

ABSTRACT

Extracts of acorns from the following species of Quercus - macrocarpa,
nigra*, virginiana, and stellata - were tested for antibacterial propsrties.
Extract of Q. nigra had the greatest antibacterial properties against
Staphylococcus; therefore, all experiments were conducted using this extract.

Mice tolerated up to 700 milligrams of the crude extract per kilogram
bbdy'weight when injected intraperitoneally, and up to 10,000 milligrams of
the crude extract per kilogram body weight when administered orally and
subcutaneously.

The crude extract was "purified" by passing it through G-75 Sephadex.
Mice tolerance to the "purified" yellow fraction of the extract was tested
up to 5,000 mg/kg body weight. The extract was administered intraperitoneally;
subcutaneously, and orally with all mice surviving. The results from mice
protection experiments against Staphylococcus aureus; using the crude and
purified extracts, were perplexing in that mice succumbed when the extracts
were administered by all routes previously non-toxic, even though in vivo
the extracts killed the bacteria below the limits of the extracts adminis-—
tered, Studies are underway to determine why such results were obtained.

Preliminary experiments were conducted in chickens by applying the
extract to artificial, topical infections with Staphylococcus. The extract
protected the chickens against infections.

Other fractions of the extract collected off the Sephadex column,
particularly those that showed antibacterial properties, are being incor-
porated in a series of investigations.

*The gspecies referred to as cinera in the body of the report has been
reclassified as nigra.
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INTRODUCTION

The presence of curative and antimicrobial substances in plants and their
products are widely distributed in the plant kingdom, and knowledge of their
axistence is gemerally known., However, search is continued for new and more
impressive Aiseoveries for material of medicinal importance. (2,3,4,5,6,7,8)
Our study is a part of the array of investigations to contribute additicnal
information to this aspect of science.

In a previous study, Dooley and Gibson (1) reported that an 1.2% purified
acorn extract of Quercus macrocarpa protected mice against a lethal dose of
Staphylococcus aureus Smithe The present study is concerned with exploring the
possible antibacterial property of extracts of acorns of other species of
Quercuse The work also includes administering the extract orally and subcu-
tansously as well as intraperitoneally, Since the crude (unpurified) as well
as the purified extracts are lyophilized, a more specific dosage can be adminis-
tered,

The procedure differs from that used in the previous study in that the mice
are infected before the extract is administered to ascertain its protective
ability against inoculated lethal doses of Staphylococcus. Some of the experi-
ments will repeat the procedure of the previous study by administering the
extract before inoculating the mice with lethal doses of Staphylococcus.
Chemical and physical properties of the different fractions collected off the
Sephadex colum, as well as their antibacterial properties, will be studied,

Preliminary studies were initiated to determine if protection can be
established by local applications of the extract to experimental topical

infection.



MATERTATS AND METHODS

The meaty portion of scorns from four species of Quercus (0aks), Q. macro-
carpa, Q, virginiana, Q. stsllata, ard Q. cinera, was blended in distilled,
cemineralized water to make an 187 soclution. The resulbing mixture was filtered
trrough Whatman filter paper #1, and the filtrate was paper-disc tested fer
av tibacterial property. This will be referred to as the crude (unpurified)
extract. Q. cinera displayed greater bacterial inhibition than any of the
speeies, and it is currently being used in a series of experiments,

A considerable supply of Q. cfnera acorns was blended and 1yophilizedu
The lyophilized material was paper-disc tested for antibacterial activity, and
the remaining supply was stored in air-tight, amber-colored bottles at L®C for
further use.

Mice tolerance to the crude (unpurified)extract was conducted by adminis~
tering different concentrations orally, subcutaneously, and intraperitvoneally.
Female, ICR Swiss strain mice, 18-22 grams, were used in all experiments.

This was followed by conducting mice protection tests with different
concentrations of the crude extract through the different routes of adminis—~
tration.

An 18% solution of lyophilized, crude extract was made up in a buffered
solution and passed through G-75 Sephadex in a chromatographic colume. The
following fractions were collected after voiding the buffer in which the
Sephadex was prepared: (1) milky white, (2) clear, (3) lemon yellow, (L)
vellowish-brown, and (5) purple.

The different fractions were paper-disc tested for antibacterial property,
and the remains of each were lyophilized and stored in air-~tight, amber-colored

bottles at L°C for further use.



Because of its effectiveness in bringing about inhibition of bacterial
grcwth; the lemon yellow fraction (purified extract) was selected to conduct
the first series of tests: (1) Bactericidal test, and (2) Mice tolerance test
where the extract was administered orally, subcutaneously, and intraperitoneally.

After establishing mice tolerance, a mouse protection test was conducted
by injecting mice with lethal doses of Staphylococcus to determine if adminis-
wation of the extract by different routes would give the mice protection.

pH of the crude extract and different fractions of the purified material
was takene Since the yellow fraction was on the acid side, it and the crude
extract were adjusted to a pH of 7 and retested for bactericidal activity,
tolerance by mice, and mouse protection,

An 18% solution of the yellow fraction was dialyzed and adjusted to a pH of
Te 1t was paper-disc tested for antibacterial property and used in mouse
protection experiments.

Preliminary topical infection experiments were conducted using six-week-
0-d White Leghorn chickens, 12 chickens were divided into four groups of three
each, and the feathers were plucked from the right thigh. The plucked areas of
three groups were cleaned with alcohol and scarified with sandpaper; these areas
were then swabbed with an 18-howr culture of Staphylococcus. One group was
painted with an 18% solution of purified, yellow extract as soon as the culture
was dry; another group was painted 30 minutes after drying, and the third group
was not painted with the extract.

The painted groups were repainted daily for six days. A1l groups were
examined daily to check for development of an infection. At the end of the
sixth day, blood was drawn to determine coagulation time and white blood cell

count.
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RESULTS

Unpurified extracts, both lyophilized and unlypphilized, of acorns of all
species, showed antibacterial action when paper-disc tested. The extract of
Qo cinsra showed the greatest amount of inhibition as compared with other species

Fal

ol Quercus. The extracts were more effective against Staphylococcus than against
E- coll and B. subtilis. (Table I) Since Q. cinera extract showed the greatest
amount of inhibition, all experiments were limited to this extract.

The lyophilized, crude extract was used to test its toxicity on mice, or,
we may say, to test the tolerance of mice to the extract. In a previous ztudy,
the unpurified extract of Q. macrocarpa was toxic when more than 1z ml of an
18% solution was injected intraperitoneally (1). However, the mice could
tolerate dosage of the Q. cinera extract up to 700 mg per kilogram body weight.
When the extract was administered orally and subcutaneously, the tolerance was
mich greater. (Table TI)

A culture of Staphylococcus aureus Smith was prepared to conduct mouse
rrotection experiments using the extract administered by different routes. An
cvernight broth culture was diluted 1:10, 1:100, 1:1,000, and 1:10,000 and
injected intraperitoneally into mice. Dilutions of 1:10 and 1:100 killed +the
mice within a period of 2l hours; mice survived dilutions above the 1:100.
(Table III)

Mice were injected intraperitoneally with .5 ml of the 1:10 dilution of
bacteria one hour prior to administering the crude extiract by the different
routes. (Table IV) In all cases, the mice were killed.

Each fraction collected off the Sephadex column was paper-disc tested for

bacterial inhibition. The yellow (referred to as the pure fraction) and the




yellowish-brown fraction showed great antibacterisl action whereas the other
fractions showed no effect. (Table V)

A bactericidal test was run on the 18% purified extract. (Table VI) This
fraction showed exceedingly great antibacterial action.

Mouse protection test was conducted with the purified extract using the
same procedure followed in using the crude extract. In this case, however, the
inoculant was injected 30 minutes prior to administering the extract. (Table VII)
In each case -~ intraperitoneally, subcutaneously, and orally - the mice died.

The purified, yellow extract was injected intraperitoneally up o 5,000
ng/kg body weight to see if the extract were responsible for death. Mice were
also injected with the buffer used in making up the Sephadex. In neither case
was there any mortality. (Table VIII)

Chickens failed to develop carbuncles and infections where the scarified,
bacteria-swabbed area was painted with the 18% extract. The unpainted,
hacteria-swabbed areas showed carbuncles indicating the development of an
Infection.

The white blood cell count of the chickens was normal where the areas were
painted with the extract; blood of those not treated showed an elevated white
cell count.

Blood from the treated chickens coagulated within the expected time. The

blood of untreated chickens failed to coagulate until it had been in the

refrigerator for some time.



DISCUSSION

As stated in the abstract, the species of Quercus whose acorns were used
exclusively in this study and previously identified as cinera in this report
was reclassified as nigra; consequently, this new classification should be
substituted whenever cinera is used.

The antibacterial property of the liquid, crude extract lost none of its
power when lyophilized. Iyophilizing the extract, however, permitted & more
gxact preparation of concentrations to be used and was adhered to in making all
solutions used throughout the experiments,

18% solutions were made from the freeze dried material, The antibacterial
property of the extract was more effective against Staphylecoccus than against
E, coli and B, subtilis (Table I)s The ability of the mice to tolerate large
quantities of the crude extract by intraperitoneal injections and by the other
routes were gratifying (Table II), Tests with a previous species of acorn had
afforded protection for the mice against Jethal doses of bacteria s and we hoped
that the crude extract would give the same type of reaction.

The reasen for experimenting with larger concentrations of the extract was
to determine the largest amount of the extract that the mice could tolerate.
Rather than to proceed in an orderly, mathematical progression with the extract
after reaching the 300 mg/kg body weight tolerance, we started with the higher
concentrations and proceeded downward. We found that mice could tolerate
500 mg/kg body weight when the extract was administered intraperitoneally, and
up to 7,500 mg/kg body weight when administered by other routes, At the 700
mg/kg body weight, the mice survived; however, there were side effects.

In a previeus study where acorns of Q. macrocarpa were used as the source

of the extract, mice could net tolerate more than .1 ml of an 18% solution (1),



From this and cther studies, it apcsars that there is a difference in anti-
bacterial propertliscs and toxicity of acorns ¢f different species of Quercus.

With tolerance of the mice to the crude extract established, mouse
mrotection experiments were set upe The mice were injected intraperitcnsally
with o5 ml of a 106 concentration of Staphylococcus aureus, Smith Strain, cne
hour before administering the extract (Table IV), The strength of the exiract
adminisiered was greater than the amount it took to kill comparative mumbsr of
Reocrla ‘n vitro, Regardless of the route by which the extract was adwinis-
tered; mortality occurred in each case, From previous experiments we were aware
of ¢he presence of the toxic element in the crude extract; hewever, we climi-
nated thisc as the probable cause because the extract in the absence of the
inoculum was tolerated. It was also felt that the quantity of the extract
should protect the mice against bacterial effect because of its antibacterial
acvion in vitro,.

We "purified" the crude extract by passing it through a G~75 Sephadex
column, The fractions showing antibacterial property were the yellow (third
fraction) and the yellowish-brown (fourth fraction).

From a previous study, the first colored fraction was not only found to
be highly antibacterial, but also non-toxic to mice (1). We tested the toxicity
of the yellow fraction to mice and found it to be non-toxic; we used this
fraction in the mouse protection tests and found that mortality was very high.
(Table VII), In this case, however, we administered the extract 30 minutes
after injecting a 106 concentration of the Smith Strain of Staphylococcus
intraperitoneally., Using high dosage of the extract failed to prevent mortality
among the mice,

The killing power of the purified extract was obserwed in the Bactericidal

teste Since the amounts administered to the mice were in excess of the amount



needed to kill the bHooheria “n wviv'c s seen in the Bactericidal test, it was
felt that pretecticn showid heve been achiewved hers, Lue resuits, however, did
not support our anticipation,

Recause of results that we obtained in another study, we reversed the
prucedure by administering the purified yellow extract before injecting the
inoculum of bacteria, The dosage ranged from 100 mg/kg body weight to 5,000
me/kz -ody weight, The results were the same; however, 5,000 mg/kg body = 'ght
¢’ the extract was administered alone without mortality to mice.

L sample of the yellow fraction was adjusted to a pH 7, and a second sample
was dialyzed and adjusted to a pH 7; both were used in a mouse protection sxperi-
ment against Staphylococcus along with appropriate controls. These mice did not
die., Te found the bacterial inoculum was ineffective; however, this experiment
eliminated the possibility that death in the other mouse protection experiments
was due to the acid condition of the extract. This was also supported by the
fact that in the tolerance experiments where the extracts alone were administered
which were on the acid side of pH, there was no mortality among the mice, even
when up to 500 mg/kg body weight of the unpurified extract and up to 700 mg/kg
body weight of purified extract were administered intraperitoneally, and up to
7,500 mg/kg body welight by other routes.

There is apparently some type of reaction taking place between the bacterial
inoculum, the extract, and body tissue that does not occur when the extract is
administered alone, It could be that the body tissue is inactivating the
extract. It is believed that the extract administered was sufficiently strong
to give protection because smaller quantities of the extract were effective in
vitro to kill the bacteria.

There are other steps that we hope to pursue to find out why we obtained

these unexpected results. We would like to: (1) further purify the extract oy



using a different finensss of Sephadex; (2) try the ether fraction nf the extract
secured from the Sephadex column that was active upon bacteria; (3) use another
strain of mice; (L) vary the concentration of the active extracts; (5) use other
methods of purifying the active fraction off the Sephadex column; and (6) use

a more recent strain of Staphylococcus.

Preliminary experiments testing the ability of the purified extract to
preve: . a topical infection was encouraging. An 18% concentration of aqueous,
purified extract did appear to prevent the development of an infection under the
experimental conditions used. The absence of carbuncleg and the presence of
normal white blood cell counts of treated chicks in contrast to the presence of
carbuncles and an elevated white blood cell count in the untreated chicks
showed the effectiveness of the exttact., The blood of untreated chicks did not
coagulate until after refrigeration whereas the blood of treated chicks coagulated
% room temperature soon after its withdrawal.

The results indicate that further study is needed, and plans and experiments

are being designed to gather additional data.



TABLE

I

THE EFFECT OF AN UNPURIFIED EXTRACT

ON DIFFERENT GENERA OF BACTERIA

10

S. aureus E. coli B, subtilis
: )
Bﬁj_x. ¢ F. D. I&iix. Fo Dn IﬁXo Fo Da
NAME OF OAK
Q. macrocarpa A AL A £ - -
Q. stellata A At £ A - -
Q. virginiana LA £ A £ - -
]
2. nigra P77V 7TV V I BV A . - -




TABLE TII

LCXICITY TEST OF CRUDE EXTRACT ON MICE

DOSAGE TP PO SUB-~Q
10 mg/kg /3 0/3 0/3
50 mg/fkg 0/3 0/3 0/3
100 mg/kg 0/3 0/3 0/3
300 mg/kg 0/3 0/3 0/3
500 mg/kg 0/3 0/3 0/3
700 mg/kg 0/3 0/3 0/3
900 mg/kg 0/3 0/3 0/3
(2 dead-32 hrs.)
1,100 me/kg /3 0/3 0/3
1,300 mg/ke 1/3 0/3 0/3
2,000 mg/kg 2/3 0/3 0/3
3,000 mg/kg L/b 0/3 0/3
li,000 mg/kg L/L 0/3 0/3
5,000 mg/kg 3/3 0/3 0/3
7,500 mg/kg 3/3 0/3 0/3
10,000 mg/ke 2/3 0/3 0/3

IP - Intraperitoneally; PO - Orally; SUB-Q - Subcutaneously



TABLE III

INOCUNT TEST (24 HE3.) OF STAPHYLOCOCOUS

12

INOCUIANT DEATH/2L HES.
Stk 3/3
-Mnilution 1 (1 -10) 3/3
Dilution 2 (1 - 100) 3/
Dilution 3 (1 ~ 1,000) 0/3

TABLE IV
MOUSE-PROTECTION TEST

Crude Extract, One Hour Afier Irnoculation

DOSAGE TP PO SUB-Q)
250 mg/kg 5/5 ~ -
300 mg/kg 5/5 5/5 5/5
500 mg/kg 5/5 L/5 5/5
1,000 mg/kg - L/ 5/5
2,000 mgfkg - W5 L/5

IP ~ Intraperitoneally; PO - Orally; SUB-Q - Subcutaneously

Mice injected with inoculant only showed 5/5 norialits
Mice injected with buffer only showed no mortaliiy



TABLE

v

P 2HD PACTIRICIDAL EFFZCTS (7 TRACTIONS

13

FRACTTICN FH STAPH. AUREUS E. COLI B. SUBTILIS
Midky wiite - 7.1 - N - B “:"”""‘“””""’”‘
;;;aér 6.9 - - -

Yorzom 5.5 Lt ] -
Tell smish-brown 6.95 A - -
Purple 7.1 - - - - ~




TABIE VI - BACTERICIDAL TEST

Testing Arcibascterial Substance in Purifisd Acorn Extract
(Overnlzat Cvli*wre of Smith Liffuse Diluted Ten-fold)

b, b P D
Tnoculum {1 :2 3 4 5 j1071110°2 1075 o7 {i/2 11/ 1/8) 1/16, 1/32
Growth-~ | i i ‘ : | 1 ! T I ™

ol

18 Hours f“é:ﬁaﬂ3§%?: C 563 ? g5 10 ¢ 3 2 -2 2 i Gt 0 L0 B}
_Toe Acorn Extract, 18% BH I Culture Dil. Buffer Crowth. 1€ HArs.
1 0.3 ml 0.1 ml 0.1 ml 10 (3) e 75
2 0,3 ml 0.1 ml 0.1 ml 102 (2) eo—— 9
3 0.3 ml Colml 0.1 m 103 (3) e — 2
i 0.3 ml 0.lml 0.1 ml 10% (1) — 0
5 0.3 ml 0.1ml 0,1 ml 10° (5) i 5
6 0.3 ml 0.lml 0.1ml107% e 0
7 0.3 ml 0.1ml 0.1 ml 1072 — 0
8 0.3 ml 0.lml 0,1 ml 10 — 0
9 0.3 ml 0.1 ml 0.1 ml 107 — 0
10 0,3 ml 0ol ml 0,1 ml 1/2 R — 0
11 0.3 ml 0,1 ml 0,1 ml 1/h e 0
12 0.3 ml 0.l ml 0,1 ml1/8 ——— 0
13 0.3 ml Ol ml 0,1 ml 1/16 JR— 0
i 0.3 ml O0clml 0,1 ml 1/32 e 0
A — 0.1ml 0.1 ml 10"t 0.3 ml 118
B — Ol ml 0.1 ml 10™2 0.3 ml 726
c — 0,1ml 0.1 ml 1073 0.3 ml 320
D S 0.1ml 0.1 ml 107% 0,3 ml 80
E S— Col ml 0,1 ml 1/2 0.3 ml 15
F e 0l ml 0,1 ml1/k 0.3 ml 10
G e 0ulml 0.1ml 1/8 0.3 ml 6
H — 0,1 ml 0,1ml 1/16 0.3 ml 3
I I

Ol ml  0,1ml1/32 0.3 ml 7




Purified Extract, One~half Hour After Incualation

TABLE ViI

FOUTR-PROTECTION TEST (2h-ER, PERICD)

15

DOSAGE TP PO SUB-Q
- ii-ﬁeS‘&r mg/kg 5/5 5/5 575
2,50 mg/ke 5/5 5/5 5/5
5,700 mg/kg 5/5 5/5 5/5

o a——

IP -~ Intraperitoneally; PO - Orally; SUB-Q - Subcutaneously

Wice injected with inoculant showed Li of 5 were killed
Mice injected with 5,000 mg/kg of extract oniy showed no mortality

Mice injected with buffer showed no mortality

TABLE VIIT

TOIERANCE OF MICE TO PURIFIED EXTRACT, WATER AND BUFFER

MATERIAL AMOUNT INJECTED pH DEATH

Extract 5 ml .9 0/3
9% Solution

Extract o5 ml 5.0 0/3
L o5% Solution

Extract .5 ml 5.1 0/3
2.25% Solution
Demineralized o5 ml 6.3 0/3

Water
Distilled Water o5 ml 7.0 0/3
Buffer o5 ml 7.C 0/3
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